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ABSTRACT 

This report presents the results of B study of vibration 
data obtained by Jet Propulsion Laboratory in two series 
of tests of an electronic assembly from the Mariner C 
spacecraft. In one series of tests, the electronic assembly 
was mounted in a conventional vibration test fixture; in the 
other series of tests, the assembly was mounted in the space- 
craft, The results of the study can be divided into two 
categories: sesuLts regarding the averaging of large 
collections of vibration data, and results concerning the 
differences between assembly-level and spacecraft-level 
vibration tests, The report also contains some recommendations 
for future random vibration tests of aerospace structures, 



Page intentionally left blank 



Report 13816 Bol t Berane lc and Nevi~i~an %nc , 

EGST 05' FIGURES 

Elec t ron ic  Assembly Mounted i n  t h e -  Mariner 
C S t r u c t u r a l  Tes t  Model Spacecraf t  

E lec t ron ic  Assembly Mounted i n  a Conventional 
Tes t  F i x t u r e  

3 Module Board from Elec t ron ic  Assembly 

4 Comparison of t h e  Average Response Spect ra  of 
t h e  E lec t ron ic  Asse~nbly i n  t h e  F i x t u r e  and 
Spacecraf t  Random E x c i t a t i o n  Tes t s  

5 Average Response Spect ra  of t h e  Chassis p i a t e  
f o r  Di f fe ren t  E x c i t a t i o n  and Measurement Axes 
i n  t h e  F i x t u r e  Random E x c i t a t i o n  Tes t s  

6 Average Response Spect ra  a t  D i f f e r e n t  Pos i t ions  
on t h e  Module Boards i n  t h e  F i x t u r e  Random 
E x c i t a t i o n  Tes t s  

7 Average Response Spec t ra  of t h e  Module Boards 
f o r  Di f fe ren t  E x c i t a t i o n  Axes i n  t h e  F ix tu re  
Random E x c i t a t i o n  Tes t s  

8 Average Response Spectra  of t h e  Chassis P l a t e  
f o r  D i f f e r e n t  E x c i t a t i o n  and P1easurernen-b Axes 
i n  the  Spacecraf t  3andom E x c i t a t i o n  Tes t s  



Report 1384 Bolt Beranek and Newman %nee 

LIST OF FIGURES (con% Id) 

Figure 

9 Average Response Spectra at Different Positions 

on the Module Boards in the Spacecraft Random 
Excitation Tests 

Average Response Spectra of the bjodule Boards 
for Different Excitation Axes in the Space- 
craft Random Excitation Tests 

11 Comparison of Excitation and Response Spectrum 

Ratios in the Fixture Random Excitation Tests 

12 Comparison of Excitation and Response Spectrum 

Ratios in the Spacecraft Random Excitation Tests 

13 Comparison of Chassis Plate Response Averages . 

and Extremes in the Fixture and Spacecraft 
Random Excitation Tests 

P 

%, 14 Comparison of Module Ear Response Averages and . 

i-, Extremes in the Fixture and Spacecraft Random 

C- Excitation ~ksts 

--- 5 .  

L * 
15 Comparison of Module Board Response Averages and 

Extremes in the Fixture and Spacecraft Random 
P. 

E Excitation Tests 
L d  

Ratio of P4odule Board Average Response in the 
Spacecraft Tests to the Average Response in the 

< .  Fixture Tests 
i 



Report 1384 Bol t  Eeranek and Newman Inc .  

COMPARISON OF FIXTURE AND SPACECRAFT VIBXATION 

TESTS OF A MARINER C ELECTli'ZONIC ASSEMBLY 

I. INTRODUCTION 

I n  the  development of the  Mariner C s p a c e c r a f t ,  J e t  Propulsion 

Laboratory obtained a l a r g e  c o l l e c t i o n  of v i b r a t i o n  d a t a  

i n  two s e r i e s  of v i b r a t i o n  t e s t s  of an e l e c t r o n i c  assembly. 
I n  one s e r i e s  of t e s t s ,  the assembly was mounted i n  the  
s p a c e c r a f t  ( ~ i g .  1) and i n  t h e  o t h e r  s e r i e s  of t e s t s  the  I 

assembly was mounted i n  a t e s t  f i x t u r e  ( ~ i g .  2 ) .  I n  each 

s e r i e s  of t e s t s ,  v i b r a t i o n  measurements a t  some 35 p o s i t i o n s  . 

on the assembly were obtained a t  s e v e r a l  t e s t  l e v e l s  f o r  

both random and s i n u s o i d a l  e x c i t a t i o n ,  along t h r e e  or thogonal  
e x c i t a t i o n  axes .  

This r e p o r t  p resen t s  the  r e s u l t s  of an  engineering s tudy  
of the  v i b r a t i o n  d a t a  obtained i n  the  two s e r i e s  of t e s t s .  

This s tudy was conducted by Bol t  Beranek and Newman Inc., ) 
b u t  the  d a t a  manipulations were performed p r i m a r i l y  by 

JPL personnel  u t i l i z i n g  J P L  computational f a c i l i t i e s .  

The primary o b j e c t i v e  of t h e  d a t a  s tudy was t o  compare 
the  v i b r a t i o n  environment of t h e  e l e c t r o n i c  assembly 

i n  the s p a c e c r a f t  and f i x t u r e  s e r i e s  of  t e s t s .  Dif ferences  

i n  both the  assembly v i b r a t i o n  c h a r a c t e r i s t l x  and v i b r a t i o n  
l e v e l s  between the two s e r i e s  of t e s t s  were i n v e s t i g a t e d .  

A l a r g e  p a r t  of the  d a t a  s tudy concerned the  formula t ion  
of d i f f e r e n t  averaging techniques involving averages over  
uniform s p a t i a l  reg ions ,  s i m i l a r  components, measurement 

axes ,  e x c i t a t i o n  axes,  e t c ,  

Pa r t  I1 of t h e  r e p o r t  d.escribes t h e  f l e c t r o n i c  assembly, 

t e s t  conf igura t ions ;  and v i b r a t i o n  d a t a .  Part 111 m- 
marizes the  r e s u l t s  of the s tudy and Par t  I V  conta ins  a 
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d e t a i l e d  s tudy of t h e  e l e c t r o n i c  assembly v i b r a t i o n  environ- 
ment I n  t h e  two ty-pes of  t e s t s ,  F ina l ly ,  P a r t  'V p r e s e n t s  
some recommendations f o r  f u t u r e  v i b r a t i o n  t e s t s  of complex 
s t r u c t u r e s ,  
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$1. DESCRIPTION OF ELECTRONIC ASSEMBLY, TEST COWIGURATIOMS, 
AND VIBRATION DATA 

A .  Elec t ron ic  Assembly 

The e l e c t r o n i c  assembly c o n s i s t s  of 20 module boards, which 
con ta in  e l e c t r o n i c  c i r c u i t r y ,  mounted t o  a f l a t  c h a s s i s  
p l a t e ;  The module boards a r e  shown i n  Figs ,  2 and 3, and 

t h e  c h a s s i s  p l a t e  (with accelerometers  a t t a c h e d )  i s  shown 

i n  Fig. 1. The c h a s s i s  p l a t e  measures approximately 18 
and 20 inches  on t h e  s i d e s ,  and t h e  module boards measure 
approximately 6 inches on a s ide .  

Accelerometers f o r  response measurement a r e  loca ted  i n  t h e  
proximity of' modules A, B, C, D, and E shown i n  Fig.  2. 

For each of t h e s e  module boards, accelerometers  a r e  loca ted  

i n  t h r e e  d i f f e r e n t  regions of t h e  assembly: on t h e  back 
s i d e  of t h e  c h a s s i s  p l a t e  ( ~ i g .  1), on t h e  module board 

e a r s  where t h e  boards a r e  a t tached t o  mounting racks (Fig. 2), 

and on t h e  f a c e  of t h e  module boards ( ~ i g .  3). It should 
be pointe6 ou t  t h a t  a l l  of t h e s e  response accelerometers  

a r e  pos i t ioned  so  as t o  measure s p e c i f i c a l l y  t h e  v i b r a t i o n  . 

environment of  t h e  e l e c t r o n i c  components r a t h e r  t h a n  t h e  
g e n e r a l  v i b r a t i o n  environment of t h e  e n t i r e  assembly, The 
accelerometers  on t h e  c h a s s i s  p l a t e  and t h e  module e a r s  a r e  
t r i a x i a l ,  but  t h e  accelerometers  on t h e  module boards 
measure only v i b r a t i o n  perpendicular  t o  t h e  boards. 

B, Tes t  Configurat ions 

I n  t h e  spacecra,f.t; t e s t s ,  t h e  e l e c t r o n i c  assembly i s  mounted 

. i n  t h e  Mariner C S t r u c t u r a l  Tes t  Model Spacecraf t  as shown 

i n  Fig ,  I, The spacec ra f t ,  complete with adapter ,  i s  

mounted on a ring-frame-type f i x t u r e  which i s  a t tached t o  
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t h e  mechanical shaker,  In t h e  s p a c e c r a f t  t e s t ,  t h e  exci-  
t a t i o n  l e v e l s  a r e  c o n t r o l l e d  by t h e  average response of  
s i x  accelerometers  o r i e n t e d  along each of t h e  t h r e e  exci-  
t a t i o n  axes and pos i t ioned around t h e  circumference of t h e  
ring-frame f i x t u r e ,  

r- . 
i .  

h., 

I n  t h e  f i x t u r e  t e s t ,  t h e  e l e c t r o n i c  assembly i s  mounted i n  
a convent ional  v i b r a t i o n  t e s t  f i x t u r e  as shown i n  Fig. 2. 

The e x c i t a t i o n  l e v e l s  i n  t h e  f i x t u r e  t e s t  a r e  c o n t r o l l e d  by 

a s i n g l e  accelerometer  o r i e n t e d  along each of t h e  t h r e e  
e x c i t a t i o n  axes and a t t ached  t o  t h e  f i x t u r e .  Thus, t h e  
l o c a t i o n s  of  t h e  accelerometers  used t o  c o n t r o l  t h e  exci-  
t a t i o n  l e v e l s  a r e  q u i t e  d i f f e r e n t  $ i n  t h e  two types  of 
t e s t s ,  

C ,  V ib ra t ion  Data 

The v i b r a t i o n  response d a t a  provided by JPL cons i s t ed  o f  
power spec - t r a l  d e n s i t y  p l o t s  i n  t h e  case  of  random exci-  
t a t i o n ,  and amplitude vs  frequency p l o t s  i n  t h e  case  of  
sine-sweep e x c i t a t i o n .  The power s p e c t r a l  d e n s i t y  d a t a  
covered a frequency range from 100 t o  2000 Hz and were 
p l o t t e d  vs  a logar i thmic  frequency s c a l e ,  whereas %he 
sine-sweep d a t a  covered a frequency range from 30 t o  2000 Hz 
bu t  were p l o t t e d  vs  a l i n e a r  frequency s c a l e .  The power 
s p e c t r a l  d e n s i t y  d a t a  were a l s o  a v a i l a b l e  i n  d i g i t a l  form 
s o  t h a t  averaging and o t h e r  manipulations could be per- 
formed automat ica l ly ,  

Data were a v a i l a b l e  f o r  24 d i f f e r e n t  runs which inclu-ded 
low- and h igh- leve l  random and low- and h igh- leve l  s ine-  
sweep exci-ba-%i.on along t h r e e  d i f f e r e n t  axes, i n  both t h e  

spacec ra f t  and f i x t u r e  ser ies  of tests. Approximately 4.8 
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p i e z o e l e c t r i c  accelerometer  ins t rumenta t ion  charnels  were 
recorded f o r  each run. A 1 1  response accelerometers ,  except 
those  used f o r  e x c i t a t i o n  con t ro l ,  were i n  t h e  same p o s i t i o n  
i n  t h e  s p a c e c r a f t  and f i x t u r e  t e s t s ,  
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Z E J ,  SUMirIARU OF THE RESULTS OF TIJE STUDY 

The results of the data study can be grouped into two cate- 
gories, The first category of results concerns methods of 
avcraging large amounts of vibration data to reduce the 

volume of data and obtain consistent significant trends, 

This data study resulted from the realization that some sort 
of averaging was necessary to reduce the volume of vibration 

data and to bring forth the most important features of the 
assembly vibration behavior, However, at the onset of the 
program, we did not know how much sophistication in the 
,averaging techniques would be necessary In order to bring out 
the important vibration characteristics and to minimize the 
noise associated with fine-scale details, 

The results of the study indicate that surprisingly Little 

sophistication is necessary for effective averaging. For 
example, the gross average spectra (averaged over all spatial 

regions, measurement axes, and excitation axes) shown in 
Fig. 4, illustrate many important features of i,ile assembly 
vibration environment that could not be discerned readily 
from any single measurement, Our results also indicate 
that more complex averaging techniques (in which different 

spatial regions, measurement axes, and excitation axes were 
treated separately) reveal surprisingly little new information 

not contained in the gross average spectra of Fig. 4, Thus, 
1 I it appears that a law of diminishing returns" governs the 

results of the various averaging techniques employed, 

. Of course, one might argue that the e%ectronic assembly shown 

in Fig, 2 is a relatively simple structure compared to other 
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aerospace s t r u c t u r e s  ( o r  i n  some cases ,  ensembles of 
s t r u c t u r e s )  which a r e  of i n t e r e s t  i n  v i b r a t i o n  d a t a  a n a l y s i s  
programs. 

However, even i n  cases  involving more complex s t r u c t u r e s ,  
i t  seems reasonable t h a t  the  f i r s t  c u t  i n  the  d a t a  a n a l y s i s  
might w e l l  be a very g r o s s  average o f  a l l  the  d a t a ,  These 
g r o s s  averages w i l l  o f t e n  suggest  examination of i n d i v i d u a l  
measurements o r  formula t ion  of  more d e t a i l e d  averages.  

It i s  of a d d i t i o n a l  i n t e r e s t  t o  note  t h a t  random e x c i t a t i o n  
d a t a  were used t o  cornpute the  average s p e c t r a  shown i n  
Pig. 4, s i n c e  the  s i n u s o i d a l  d a t a  were n o t  a v a i l a b l e  i n  
d i g i t a l  form, The s tudy  i n d i c a t e s  t h a t  t h e  r e s u l t s  of 
random e x c i t a t i o n  t e s t s  can be used e f f i c i e n t l y  t o  i n v e s t i -  
g a t e  the v i b r a t i o n  c h a r a c t e r i s t i c s  of complex s t r u c t u r e s ,  

B. 
Level Vibra t ion  Tes t s  

The second category of r e s u l t s  i s  concerned wi th  under- 
s tanding  the  d i f f e r e n c e s  i n  t h e  v i b r a t i o n  behavior of 
the  assembly between t h e  f i x t u r e  and s p a c e c r a f t  t e s t s .  
Figure 4 i l l u s t r a t e s  some of  the  d i f f e r e n c e s  i n  the  v ibra-  
t i o n  environment i n  t h e  two, types of t e s t ,  and Table I 

on page 20 s~mrnarizes the  r e s u l t s  of a more d e t a i l e d  
i n v e s t i g a t i o n  of the  d i f f e r e n c e s ,  

Refer r ing  t o  F ig .  4, t he  l a r g e  peak a t  approximately 1200 Hz 
i n  the  average response spectrum f o r  the  f i x t u r e  t e s t  i s  

assoc ia ted  w i t h  resonance of the  t e s t  f i x t u r e ,  and thus  i s  

no t  c h a r a c t e r i s t i c  of the  assembly v i b r a t i o n ,  I n  the  f i x t u r e  
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test the average response spectrum is characterized by six 

response peaks in the frequency range from 350 to 700 Hz and 
then a roll-off in response of approximately 12 dB/octave 
at higher frequencies, These six peaks are.associated with 
the fundamental plate-mode resonances sf the electronic 

modules (pig. 3 ) ,  The chas~is plate (~ig, 1) to which these 
modules are attached a,cts to couple these module modes 

together and split the resonance frequencies apart, It is 
Lnteresting to note that the 12 d~/octave roll-off in the 
response at high frequencies corresponds to the theoretical 

result for the response of plate modes excited above resonance 

by motion of the supports, .. 

In the spacecraft tests, the average response spectrum in 
Fig, 4 indicates that the overall spacecraft modes super- 
impose on the low-frequency end of the assembly vibration 

spectrtm, and an attenuation associated with the vibration 
. transmission through the spacecraft structure superimposes 

on the high-frequency portion of the spectrum, The result 
of more detailed averaging indicate that the direction of 
the exeltation becomes insignificant in the spacecraft-level 

tests, particularly at the higher frequencies, The results 
also indicate that at low frequencies the variation in the 

assembly response is less in the spacecraft tests than in 
the fixture tests. 

The study suggests some recommendations for more realistic 

fixture-mounted tests of individual assemblies in future 

spacecraft prog::ams, Figure 4 indicates that future assembly- 
level tests should have increased weight at low frequencies 
in order to be equivalent to spacecraft-level tests, The 
test results also suggest a means of avoiding the problems 
associated with fixt~we resonance in future assembly-level 
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t e s t s ,  I n  t h e  s2acecraf- t  t e s t s  t h e  s t r u c t u r e  hobding t h e  

assembly has  a complex modal p a t t e r n  throughout  most of t h e  
f requency  range of  i n t e r e s t .  This  s u g g e s t s  t h a t  a comparable 

"mult imodal" mounting be u t i l i z e d  i n  f u t u r e  assembly- leve l  

t e s t s .  It i s  not  d i f f i c u l t  t o  v i s u a l i z e  such a suppor t ing  
s t r u c t u r e ,  and some model exper iments  a long  t h e s e  l i n e s  have 
been performed ./ A d d i t i o n a l  recornmendat i o n s  f o r  f u t u r e  
random v i b r a t i o n  t e s t s  a r e  conta ined  i n  t h e  f i n a l  s e c t i o n  
o f  t h i s  r e p o r t ,  
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&V, BETAILPJB INVESTIGATION OF THE ELECTRONIC ASSEMBLY 
VIBRATION E1WIROmfENT 

The v i b r a t i o n  environment of t h e  e l e c t r o n i c  assembly was 
explored i n  some d e t a i l  by t r ea , t ing  d i f f e r e n t  s p a t i a l  regions,  
measurement axes, and e x c i t a t i o n  axes i n d i v i d u a l l y  i n  t h e  
response a,verages, The s p a t i a l  reg ions  considered a r e  t h e  
c h a s s i s  p l a t e ,  t h e  module e a r s ,  and t h e  module boards. No 
d i s t i n c t i o n  i s  made among measurements on t h e  f i v e  d i f f e r e n t  
modules, so t h a t  i n  every c a s e  t h e  r e s u l t s  r ep resen t  t h e  
average v i b r a t i o n  envi-ronment of  a l l  t h e  modules. 

T e s t s  
__a_ 

F i x t u r e  T e s t s  .- (F igs ,  5,6, and 7 )  Figure 5 i l l u s t r a t e s  
t h e  average response s p e c t r a  of t h e  c h a s s i s  p l a t e  f o r  
d i f f e r e n t  e x c i t a t i o n  and measurement axes i n  t h e  f i x t u r e  
random e x c i t a t i o n  t e s t s ,  I n  each case  t h e  e x c i t a t i o n  and 
measurement axes coinc ide ,  The l a r g e  peak a t  approximately 
1200 Hz occurs  only f o r  x ax is  e x c i t a t i o n .  The f a c t  t h a t  ' 

t h e  1200 Hz peak i s  c h a r a c t e r i s t i c  of one e x c i t a t i o n  a x i s  
i n  t h e  f i x t u r e  t e s t s  and i s  absent  i n  t h e  s p a c e c r a f t  t e s t s  
sugges ts  s t r o n g l y  t h a t  t h i s  peak i s  assoc ia ted  with a 
f i x t u r e  resonance, 

F'1 

L The f i v e  peaks between 350. and 700 Hz i n  -the y a x i s  

P -- 
response of F i g ,  5 a r e  very d i s t i n c t ,  These peaks a r e  

L assoc ia ted  w i t h  resonance of  t h e  fundamental plate-modes 
of t h e  module boards,  f1n  experiments conducted a t  JPL, 

t h e  fundamental mode of  a t y p i c a l  module board was found 
t o  r e sona te  at approximately 380 Hz.) Since F ig ,  5 i n d i c a t e s  
t h a t  e x c i t a t i o n  normal t o  t h e  c h a s s i s  p l a t e  i s  a good 
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e x c i t e r  of t h e  module modes, t h e  c h a s s i s  p l a t e  must be 
s t r o n g l y  coupled t o  t h e  module modes i n  t h i s  frequency 
range. The m u l t i p l i c i t y  of peaks between 350 and 700 Hz 
may r e f l e c t  s p l i t t i n g  i n  t h e  resonance f requencies  of t h e  
var ious  boards introduced by t h e  c h a s s i s  p l a t e  coupl ing.  
The x- and z-axis  responses i n  F ig ,  5 i n d i c a t e  t h a t  t h e  
c h a s s i s  p l a t e  remains s t i l ' f  i n  i t s  own plane  over t h e  
e n t i r e  frequency range of i n t e r e s t ,  

F igure  6 shows t h e  average response s p e c t r a  a t  d i f f e r e n t  
p o s i t i o n s  on t h e  module boards i n  t h e  f i x t u r e  random 

I 

e x c i t a t i o n  t e s t s ,  Notice t h a t  t h e  data represen t  an 
average over  e x c i t a t i o n  axes, but  t h e  measurement a x i s  i s  
perpendicular  t o  t h e  boards i n  every case .  We have l a b e l e d  . 

t h e  t h r e e  accelerometer  p o s i t i o n s  shown i n  Fig.  3 a s  base,  
cen te r ,  and t i p  -- from t h e  bottom of  t h e  page t o  t h e  top .  
The base p o s i t i o n  i s  nea r  t he  c h a s s i s  p l a t e  and t h e  tip 
posi- t ion i s  nea r  t h e  c a n t i l e v e r e d  end of  t h e  module, 

Refer r ing  t o  F ig ,  6, t h e  r e spsnsesa t  t h e  t h r e e  acce le ro -  1 

meter p o s i t i o n s  a r e  i d e n t i c a l  a t  low f requencies ,  i n d i c a t i n g  
t h a t  t h e  module boards move as r i g i d  bodies.  I n  t h e  f r e -  
quency range of t h e  module board fundamental resonances, 
Fig.  6 i n d i c a t e s  t h a t  t h e  response amplitude of t h e  module 
3oards decreases  as one moves from t h e  t i p  t o  t h e  base.  
The module boards, the re fo re ,  behave as i f  they  a r e  c a n t i -  
levered  from t h e  c h a s s i s  p l a t e ,   h he module board frames 
a r e  bo l t ed  t o  t h e  c h a s s i s  p l a t e  and t o  t h e  mounting r a c k s  
at  t h e  module e a r s , )  It i s  not  d i f f i c u l t  t o  env i s ion  a 
s e t  of modes i n  which t h e  module boards v i b r a t e  l i k e  ca.nti- 
l e v e r s ,  and t h e  c h a s s i s  p l a t e  bending-vibrat ion wavelength 
determines %he re la , t ive  phase between t h e  motion of the 
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i n d i v i d u a l  modules, A t  t h e  h igher  f requencies ,  t h e  response 
s p e c t r a  i n  Fig, 6 i n d i c a t e  t h a t  t h e  v i b r a t i o n  of t h e  module 
boards i s  d i f f u s e .  

Figure 7 i l l u s t r a t e s  t h e  average response s p e c t r a  of  t h e  
module boards f o r  d i f f e r e n t  e x c i t a t i o n  axes i n  t h e  f i x t u r e  
random e x c i t a t i o n  t e s t s ,  The measurement axis i s  perpendi- 
c u l a r  t o  t h e  module boards ( z  a x i s )  i n  every case.  The peak 
i n  t h e  x  and y a x i s  response a t  approximately 120 Hz i s  

most l i k e l y  ins t rumenta t ion  n o i s e ,  A t  low f requencies  t h e  
response t o  e x c i t a t i o n  perpendicular  t o  t h e  module boards 
( z  a x i s )  i s  much g r e a t e r  t h a n  t h e  response t o  e x c i t a t i o n  

. i n  t h e  p lane  of t h e  boards ( x  and y  a x i s ) ,  p r i m a r i l y  because 
' t h e  response measurements a r e  normal t o  t h e  boards i n  every 
case .  Thus, a t  low f requencies  where t h e  e l e c t r o n i c  assembly 
moves e s s e n t i a l l y  as a r i g i d  body, t h e  c ross -ax i s  response i s  
i n s i g n i f i c a n t .  However, i n  t h e  frequency range of t h e  
module board fundamental resonances, e x c i t a t i o n  n o r n a l  t o  
t h e  c h a s s i s  p l a t e  (y  a x i s )  i s  equa l ly  e f f e c t i v e  i n  e x c i t i n g  
t h e  module. board response.  This  r e s u l t  aga in  r e f l e c t s  t h e  
f a c t  t h a t  t h e  c h a s s i s  p l a t e  i s  s t r o n g l y  coupled t o  t h e  module 
boards i n  t h i s  in termedia te  frequency range, 

Spacec ra f t  T e s t s  - (Figs .  8,9, and 10)  Figure 8 shows t h e  
average response spec-tra of t h e  c h a s s i s  p l a t e  f o r  d i f f e r e n t  
e x c i t a t i o n  and measurement axes i n  t h e  s p a c e c r a f t  random 
e x c i t a t i o n  t e s t s ,  I n  each e a s e  t h e  e x c i t a t i o n  and meas'ure- 
ment axes co inc ide ,  Notice t h a t  t h e  1200 Hz peak i n  t h e  
f i x t u r e  t e s t  response i s  absent  i n  t h e  spacec ra f t  t e s t  
response,  A t  t h e  Lower f requencies ,  e x c i t a t i o n  perpendicular  

' t o  t h e  module board ( z  a x i s )  and perpendicular  t o  t h e  c h a s s i s  
p l a t e  ( y  a x i s )  a re  b e t t e r  e x c i t e r s  than  e x c i t a t i o n  i n  t h e  
plane. of t h e  module board and c h a s s i s  p l a t e  (x a x i s ) .  
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The peak a t  approximately 3.00 Hz i n  t h e  z a x i s  response must 
r e f l e c t  a spaxecra f t  resonance, s i n c e  t h e  c h a s s i s  p l a t e  i s  
s t i f f  i n  i t s  own plane ,  A l l  t h e  response curves i n  t h e  
spacec ra f t  t e s t  e x h i b i t  s e v e r a l  g ross  low-frequency resonances 
super:Lrnposed on a r o l l - o f f  i n  response wi th  inc reas ing  f r e -  
quency, The response of  t h e  assembly i n  t h e  spacec ra f t  
t e s t s  r e f l e c t s  p r i m a r i l y  t h e  above-resonance motion of' low- 
frequency overa l l - spacec ra f t  modes, The r o l l - o f f  in t h e  
assembly response with i n c r e a s i n g  frequency can be explained 
e i t h e r  i n  terms of' high-frequency i s o l a t i o n  provided by . 

t h e  " s o f t "  s p a c e c r a f t  mou-nting o r  i n  terms of  an a t t e n u a t i o n  
of v i b r a t i o n a l  energy a t  high f requencies  as one moves away 
from t h e  base of t h e  spacec ra f t .  

Notice from Fig,  8 t h a t  t h e  d i r e c t i o n  of  e x c i t a t i o n  becomes 
unimportanL i n  determining t h e  response a t  f requencies  above 
approximately 300 Hz. This  l a c k  of  dependence of t h e  response 
on t h e  e x c i t a t i o n  a x i s  i n d i c a t e s  t h a t  a t  f requencies  above 
300 Hz t h e  e x c i t a t i o n  a t  t h e  base of t h e  s p a c e c r a f t  d i f f u s e s  
i n  d i r e c t i o n  by t h e  time it reaches t h e  e l e c t r o n i c  assembly, 

' 

Thus, i n  random v i b r a t i o n  t e s t s  of complex s t r u c t u r e s ,  
e x c i t a t i o n  a long a s i n g l e  a x i s  i s  probably s u f f i c i e n t  a t  

i" high f requencies .  
1 
-- 

r~ The absence i n  F ig ,  8 of any pronounced response peaks i n  

i d  t h e  350 t o  700 Hz frequency range may appear somewhat 
- puzzl ing,  One might expect t h e  c h a s s i s - p l a t e  module-board 

\ I  modes, evident; i n  t h e  f ix - tu re  t e s t  response of F ig ,  5, t o  
superimpose on t h e  spacec ra f t  response. However, t h e  

f - 
. > 

s p a c e c r a f t  t e s t  r e s u l t s  i n d i c a t e  t h a t  t h e s e  modes a r e  n o t  
exc i t ed  t o  any cons iderable  e x t e n t  i n  t h e  s p a c e c r a f t  t e s t s ,  

ff 9 
i One explanat ion  f o r  t h e  f a c t  t h a t  t h e s e  modes a r e  not  
; .  
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exc i t ed  l i e s  i n  t h e  p o s s i b i l i t y  t h a t  t h e  r e l - a t ive ly  f l e x i b l e  
s p a c e c r a f t  mounting behaves Like an incoherent  e x c i t a t i o n  
source i n  t h e  frequency range of i n t e r e s t ,  Previous 
researchl '  i n d i c a t e s  t h a t  incoherent  v i b r a t i o n  f i e l d s  
(which a r e  c h a r a c t e r i s t i c  of aerospace s t r u c t u r e s  a t  

moderately high f requenc ies )  a r e  i n e f f i c i e n t  sources o f  
e x c i t a t i o n  f o r  s i n g l e  degree-of-freedom systems, compared 
wi th  coherent  v i b r a t i o n  soarces ,  The observat ion  t h a t  t h e  
s p a c e c r a f t  v i b r a t i o n  environment i s  d i f f u s e  above approxi-  
rna+.ely 300 Hz lends  credence t o  t h e  incoherent  source 
argument. 

F igure  9 shows t h e  average response s p e c t r a  a t  d i f f e r e n t  
p o s i t i o n s  on t h e  module boards i n  t h e  s p a c e c r a f t  random 
e x c i t a t i o n  t e s t s .  The d a t a  r ep resen t  an average over  I 

I 

I 

e x c i t a t i o n  a x i s ,  but  t h e  response a x i s  i s  perpendicular  I 

t o  t h e  boards i n  every case ,  F igure  9 i n d i c a t e s  t h a t  t h e  
v i b r a t i o n  c h a r a c t e r i s t i c s  of t h e  module boards i n  t h e  space- 
c r a f t  t e s t  are very  s i m i l a r  t o  t h e  c h a r a c t e r i s t i c s  shown 

I 
. i n  Fig ,  6 f o r  t h e  f i x t u r e  t e s t *  A t  low f requenc ies  t h e  

boards move a s  r i g i d  bodies,  a t  in t e rmedia te  f r equenc ies  
t h e y  move as c a n t i l e v e r s ,  and at  h igh  f requenc ies  t h e y  I 

e x h i b i t  a d i f f u s e  v i b r a t i o n  p a t t e r n ,  

F igure  10 shows t h e  average response s p e c t r a  of  t h e  module 
b3ards f o r  d i f f e r e n t  exc i t a ' t i sn  axes i n  t h e  s p a c e c r a f t  
random e x c i t a t i o n  t e s t s ,  The measurement a x i s  i s  perpen- 
d i c u l a r  t o  t h e  module boards i n  every case .  A s  i n  t h e  
f i x t u r e  t e s t ,  e x c i t a t i o n  perpendicular  t o  t h e  module boards 
i s  t h e  b e s t  e x c i t e r  a t  low f requencies .  The e f f e c t i v e n e s s  
of  z -axis  e x c i t a t i o n  a t  low f requencies  r e f l e c t s  i n  p a r t  
t h e  f a c t  t h a t  t h e  measurement accelerometers  a r e  o r i e n t e d  
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a long t h e  z a x i s  and i n  p a r t  t h e  f a c t  t h a t  z -axis  exc i t a -  
tion e x c i t e s  t h e  boards i n e r t i a l l y ,  A t  f requencies  above 
approximately 4-00 H z  t h e  B i rec t ion  of e x c i t a t i o n  again 
becomes unimportant, i n d i c a t i n g  t h a t  above i t s  f i r s t  few 
resonances t h e  spacec ra f t  a c t s  t o  d i f f u s e  t h e  e x c i t a t i o n  
inpu t  a t  t h e  spacec ra f t  adapter .  

Figure 11 presen t s  a comparison of e x c i t a t i o n  and response 
spectrum r a t i o s  i n  t h e  f i x t u r e  random e x c i t a t i o n  t e s t s ,  
The f l a t  l i n e  a t  4.5 d B  rep resen t s  t h e  r a t i o  of h igh- leve l  
t o  low-level e x c i t a t i o n  spec t ra ,  and t h e  response r a t i o  
curves r ep resen t  t h e  r a t i o  of t h e  responses i n  h igh- leve l  
t e s t s  t o  t h e  responses i n  low-level t e s t s ,  Thus, i f  t h e  
system were p e r f e c t l y  l i n e a r ,  t h e  response r a t i o  curves 
would coinc ide  wi th  t h e  e x c i t a t i o n  r a t i o  l i n e ,  When t h e  
response r a t i o  curves l i e  below t h e  e x c i t a t i o n  r a t i o  l i n e ,  
t h e  r e s u l t s  suggest  common types  of non l inea r  behavior such 
a s  hardening spr ing ,  amplitude-dependent damping, e t c .  
When t h e  response r a t i o  curves l i e  above t h e  e x c i t a t i o n  
r a t i o  l i n e ,  t h e  r e s u l t s  suggest  spur ious  o r  unexplained 
behavior ,  Figure 11 i n d i c a t e s  t h a t  t h e  average response 
s p e c t r a  (averaged over  measurement l o c a t i o n s ,  e x c i t a t i o n  
axes,  and measurement axes)  of t h e  assembly behave essen- 
t i a l l y  l i n e a r l y  over  t h e  frequency range of  i n t e r e s t .  In 
a d d i t i o n  t o  the  r a t i o  of  average responses,  we have a l s o  
p l o t t e d  i n  F ig ,  11 response r a t i o s  f o r  two p a r t i c u l a r  
response measurements which show d e v i a t i o n  from t h e  average 
l i n e a r  behavior ,  However, no explanat ion  of  t h e s e  excep- 
t i o n a l  cases  i s  avai la ,ble ,  
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F igure  12 presen t s  a comparison of' e x c i t a t i o n  and response 
spectrum r a t i o s  i n  t h e  spacec ra f t  random e x c i t a t i o n  t e s t s .  
I n  t h e  spacec ra f t  t e s t  t h e  average response s p e c t r a  show 
a s l i g h t  non l inea r  behavior,  predominantly i n  t h e  low- 
frequency range, This non l inea r  behavior i n  t h e  s p a c e c r a f t  
t e s t s  a t  low f requencies  poss ib ly  r e f l e c t s  t h e  f a c t  t h a t  
a t  low f requencies  t h e  spec i f i ed  a c c e l e r a t i o n  l e v e l s  r e s u l t  
i n  r e l a t i v e l y  l a r g e  motions i n  some l o c a l  reg ions  0.F t h e  
complex spacec ra f t  s t r u c t u r e ,  The response r a t i o s  f o r  
two p a r t i c u l a r  measurements which show d e v i a t i o n  from t h e  
average response a r e  a l s o  p l o t t e d  i n  Fig,  12, These p a r t i -  
c u l a r  measurements show l a r g e r  d e v i a t i o n  from t h e  average 
r e s u l t  than  i n  t h e  f i x t u r e  t e s t s .  The response r a t i o  
measured on t h e  module board f o r  z -axis  e x c i t a t i o n  and 
measurement shows s t r o n g  n o n l i n e a r i t y ,  whereas t h e  response 
r a t i o  measured on t h e  c h a s s i s  p l a t e  f o r  y -ax i s  e x c i t a t i o n  
and measurement shows spur ious  behavior  a t  high f requencies .  
Again, no explanat ion  f o r  t h e s e  p a r t i c u l a r  examples of 
non l inea r  behavior i s  a v a i l a b l e .  

C. Comparison sf Response Averages and Extremes In  t h e  
Two T e s t s  

F igure  13 p resen t s  a comparison O f  t h e  c h a s s i s  p l a t e  response 
averages and 95th p e r c e n t i l e  l e v e l s  between t h e  f i x t u r e  and . 

s p a c e c r a f t  random e x c i t a t i o n  t e s t s ,  The 95th p e r c e n t i l e  
l e v e l s  a r e  based on a log-normal d i s t r i b u t i o n ,  The d a t a  
inc lude  d i f f e r e n t  aeasurement l o c a t i o n s ,  measurement axes, 
and e x c i t a t i o n  axes ,  Figure 13 i n d i c a t e s  t h a t  t h e  c h a s s i s  
p l a t e  response data show c o n s i d e r ~ b l y  l e s s  s c a t t e r  i n  t h e  
s p a c e c r a f t  t e s t  than  i n  t h e  f i x t u r e  t e s t .  This  r e s u l t  i s  

n o t  unexpected, s i n c e  previous researchi '  has  shown t h a t  
t h e  s p a t i a l  v a r i a t i o n  I n  response i s  i n v e r s e l y  p ropor t iona l  



Report 1384 Bolt Beranek and Newman Inc,  

t o  the  number of randomly excited modes which con t r ibu te  t o  
t h e  response, The r e s u l t  i s  i n  the  form of' a c e n t r a l  l i m i t  
tlieorem which s t a t e s  t h a t  t h e  variance of t he  sum w i l l  
diminish inverse ly  a s  the  number of con t r ibu t ing  terms, 
Thus, i n  t he  spacecraf t  t e s t ,  where a l a rge  number of 
spacecraf t  modes can couple i n t o  the  assembly v i a  the  
f l e x i b l e  spacecraf t  wounting, t he  va r i a t i on  i n  response i s  
small. On the  o ther  hand, i n  t he  f i x t u r e  t e s t ,  where only 
t h e  r i g i d  body mode of the  f i x t u r e  i s  excited,  t h e  v a r i a t i o n  
i n  response i s  large .  In  t h e  case of t he  chass i s  p l a t e ,  
t h e  va r i a t i on  i n  response I n  both t e s t s  i s  r e l a t i v e l y  con- 
s t a n t  i n  frequency, 

Figure 14 presents  a comparison of the  module e a r  response 
averages and 95th pe rcen t i l e  l e v e l s  between t h e  f i x t u r e  and 
spacecraf t  random exc i t a t i on  t e s t s ,  The da t a  include d i f  - 
f e r e n t  measurement locat ions ,  measurement axes, and exci- 
t a t i o n  axes, I n  the  case of the  module ears ,  t h e  response 
i n  t h e  f i x t u r e  t e s t  shows more s c a t t e r  than i n  t h e  space- 
c r a f t  t e s t  only a t  low frequencies -- below approximately 
4-00 Hz. The s c a t t e r  i n  t h e  module ea r  response i n  t h e  
spacecraf t  t e s t  i s  r e l a t i v e l y  constant  i n  frequency and i s  
s imi l a r  t o  t he  va r i a t i on  in  t h e  chass is  p l a t e  response 
shown i n  Fig, 13. The s c a t t e r  i n  the  module e a r  response 
i n  t he  f i x t u r e  t e s t  decreases with frequency and becomes 
comparable with t he  s c a t t e r  i n  the  spacecraf t  t e s t  a t  high 
frequencies,  This decrease i n  s c a t t e r  with frequency 
suggests t h a t  a t  high frequencies,  where t h e  bending wave- 
length  i s  short ,  t he  module e a r  response becomes I n s e n s i t i v e  
t o  the  assembly mounting. 
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F igure  l 5  p resen t s  a comparison of t h e  module board 

response averages and 95th  p e r c e n t i l e  l e v e l s  between t h e  

f i x t u r e  and spa,cecraf t random e x c i t a t i o n  t e s t s .  The data 

inc lude  d i f f e r e n t  measurement p o s i t i o n s  and e x c i t a t i o n  

axes.  The measurement a x i s  i s  perpendicular  t o  t h e  module 

boards i n  every case ,  I n  t h e  case  of t h e  module boards, 

t h e  s c a t t e r  i n  both t e s t s  i s  about t h e  same and i n  both  
c&ses  i s  r e l a t i v e l y  cons tan t  i n  frequency. This  r e s u l t  
i n d i c a t e s  t h a t  t h e  response c h a r a c t e r i s t i c ;  of  t h e  module 
boards a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  assembly mounting 
c o n f i g u r a t i o n  over t h e  e n t i r e  frequency range of  t h e  t e s t s .  
We reached t h i s  same conclusion by comparing Figs ,  6 and 9,  

D, A Comparative Measure of Tes t  S e v e r i t y  

F igure  16 shows t h e  r a t i o  of t h e  module board average 

response i n  t h e  s p a c e c r a f t  t e s t  t o  t h e  average response i n  

t h e  f i x t u r e  t e s t ,  The d a t a  r ep resen t  an average over  , 

measurement p o s i t i o n s  and e x c i t a t i o n  axes. The measurement 
a x i s  i n  every case  i s  perpendicular  t o  t h e  module boards,  
Figure 16 I n d i c a t e s  t h a t  t h e  response of t h e  module boards 
i n  t h e  s p a c e c r a f t  t e s t s  exceeds t h e  response i n  t h e  f i x t u r e  
t e s t s  a t  low f requencies ,  and hence t h e  f i x t u r e  t e s t s  under- 

t e s t  t h e  assembly, However, a t  high f requencies  (above 
approxima,tely 200 H Z )  t h e  response i n  t h e  f i x t u r e  t e s t s  

exceeds t h e  response i n  t h e  s p a c e c r a f t  t e s t s ,  and hence t h e  
f i x t u r e  t e s t s  o v e r - t e s t  t h e  assembly, It i s  c l e a r  t h a t  

some frequency shaping of t h e  f i x t u r e - t e s t  exci-tat ion 
\ 

spectrum i s  necessary t o  achieve r e a l i s t i c  assembly-lev.el 

t e s t i n g .  

The curve i n  F ig ,  16 can a l s o  be i n t e r p r e t e d  a s  t h e  s p e c t r a l  
d e n s i t y  l e v e l s  ( i n  d e c i b e l s )  which must be added t o  t h e  
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f i x t u r e - t e s t  e x c i t a t i o n  spectrum i n  o rde r  t o  axhieve ident ical .  
response of t h e  module boards i n  t h e  two types  sf t e s t .  The 
preceding sLa.te~nent i s  based on t h e  assumption t h a t  t h e  
s p a c e c r a f t  and assembly behave l i n e a r l y  i n  t h e  two t e s t s ,  
This  assumptj.on seems J u s t i f i e d  i n  t h e  l i g h t  of t h e  small  
d e v i a t i o n s  from l i n e a r i t y  i n d i c a t e d  i n  F igs ,  11 and 12, 
The f i n e  d e t a i l s  of t h e  curve g iven  i n  Fig.  16 a r e  not  im-por- 
%ant  wi th  regard t o  f u t u r e  t e s t s .  For use i n  f u t u r e  t e s t s ,  
a " b e s t  f i t "  l i n e  o r  an envelope o f  t h e  curve i n  F i g *  26 

r- would be more reasonable.  

k, 

p": 

It should be pointed out  t h a t  even though t h e  proposed 
shaping of t h e  e x c i t a t i o n  spectrum would produce equiva lent  

t.+ 

response on t h e  module boards i n  t h e  two t e s t s ,  t h e  response 
r of t h e  c h a s s i s  p l a t e  might w e l l  be h igher  i n  t h e  s p a c e c r a f t  
1 
i-. t e s t .  This  r e s u l t s  from t h e  f a c t  t h a t  t h e  c h a s s i s  p l a t e  
r- 
i i s  a more e f f i c i e n t  e x c i t e r  ( i n  t h e  sense  t h a t  more power 
t 
.., i s  t r ansmi t t ed  f o r  t h e  same v i b r a t i o n  l e v e l s )  of t h e  module 

a 

c== 
i I boards i n  t h e  f i x t u r e  t e s t s ,  where t h e  e x c i t a t i o n  i s  more 
I 

! i 
tb coherent .  

The r e s u l t s  of t h i s  d i scuss ion  of t h e  d i f f e r e n c e s  i n  t h e  , 

e l e c t r o n i c  assembly v i b r a t i o n  environments i n  t h e  f i x t u r e  
and s p a c e c r a f t  t e s t s  a r e  summarized i n  t h e  fol lowing t a b l e .  
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FIXTURE TESTS SPACECRAFT TESTS 
_ _ ___-_ _ ----- - I ____ _ __.-_ - - ---_ I_- - __I_--- -- 

No Fixture Resonance Problems 1, Pronounced Fixture Resonance 
Fixture Provides Coherent .' 1 2 ,  Spacecraft Provides Relatively 1 Ch 1 * %  Excitation 1 Incoherent Excitation 

a 1 i 3* Resonant Response of Module 
P Bearcs Governs Vibration a 
c 4. Excitation xis is Important 
t Except at High Frequencies 

Module Boards Vibrate as 
Rigid Bodies at Low Frequencies, 

TABLE I. COMPARISON OF ELECTRONIC ASSEMBLY VIBRATION ENVIRONMENTS 
IN FIXTURE AND SPACECRAFT TESTS - - - - - 

3. Above-Resonance Response of 
Spacecraft Modes Governs 
Vfbration 

4, Excitatioa Axis is Relatively 
Unimportant 

5, Module Board Vibration Charac- 

Frequencies and as a Diffuse 1 

Field at High Frequencies 
e. 6 ,  Average Resp~nse is Linear 

with Small Deviations from 
Linear Behavior 

1, High Levels at Intermediate 
Frequencies 

L 2, Roll-off in Response at 
Frequencies above 700 Hz 

3. Relatively Large Variations in 
Chassis Plate Response but 
SrnaPler Varf ations in PlIodule 
Board Response 

4. Variations in Response Decrease 
with Increasing Frequency 

- 

as Cantilevers at Intermediate 1 teristics Similar to Those in 
Fixture Tests 

6, Average Response is Slightly 
Non-linear with Larger Deviations 
from Linear Behavior Tkan in 
Fixture Tests 

- _ - - -  _ -.__ __-__- 

1. High Levels at Low Frequencies 

2. Roll-off in Response at 
Frequencies above 100 Hz 

3. Roughly the Same Magnitude 
Variations in Chassis Plate 
and Module Board Response, . 

4. Variations in Response Fairly 
Uniform with Frequency 

-- -- - 
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V, REC OMD4ENDATZONS FOR FUTURE TESTS 

The results of this study suggest the following  recommendation^ 
for future high-frequency vibration tests of aerospace 

,"-. structure : 

m. In spite of considerable effort to design 
vibration test Fixtures as rigidly as possible, the 

first bending resonance of conventional fixtures 

often occurs within the frequency range of interest 
(approximately 1200 Hz for the Mariner C electronic- 
assembly fixture) , As Fig, 4 illustrates, fixture 
resonance problems can easily result in extremely 

mlslead.ing vibration datab In addition, as we have 

indicated, the coherent source of excitation provided 

by a rigid fixture is unrealistic and often results 
Zn severe overtesting , 

The fact that resonance problems and coherent rigid 

body motion are not characteristic of typical aero- 

space struckure suggests a means of alleviating these 
problems--design fixtures of light, flexible, multi- 

modal construction to simulate aerospace structures, 

We have investigated the use of multimodal fixtures 
briefly, and the results of our investigation louk 

encouraging, 
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. Figure 16 Indicates 
that mechanical vibration transmission through the 
spacecraft results in amplification at low frequencies 
and attenuation at high frequencies, These results 
indicate that future assembly-level vibration tests 
on spacecraft like Mariner C should have increased 
weight at low frequencies. In contrast, results from 
other programs, involving the use of mechanical 
vibration tests to simulate acoustic excitation, indi- 
cate th%t the vibration tests should have increased 
weight at high frequencies in order to be equivalent 
to acoustic excitation, This apparent contradiction 
points out the necessity of understanding the relative 
importance of vibration and acoustic transmission 
paths in future aerospace structures. Some investi- . 

gations of the vibration and acoustic transmisslon 
paths in the 000 and Surveyor spacecraft are in 
progress I 

vibrations in com~lex structures, The results of this ---- 
study indicate that in many cases the direction or 
exact location of the excitation source is relatively 

I 
unimportant in determining the response. These results 
suggest that in the future it may not be necessary to 
perform random vibration tests along three different 
excitation axes--a test along only one axis may suffice. 

' 

In addition, the possibility of' utilizing a number of 
small mechanical shakers attached directly to the test 
Item should be investigated, 
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mlss%sn in corn~lex structures, Although each space- 
p- 

craft and vehicle is structurally different, we 
believe that the transmission of high-frequency 
vibration in complex structures depends largely on 
a few characteristic properties oP the structure. 

The results from a large number of programs, involving 
..-.. a wide range of structwal configurations, should be 

analyzed to determine the dependence of vibration 
transmission on such structural properties as: length. 
of transmission path, mass of typical elements, I 

average modal density, and internal damping, The 

results of such a data analysis program should incltzde 
both average and extreme values of transmission loss 
as a function of the mas$ significant structural ' 

characteristics. I 
I r- I 

i 
4 

\LJ 5)  

i - r  

fashion are well-lcnown, Unfortunately, in the case 

of' large programs involving many people and a large 
amount of equipment, it is not always possible to 
realize these advantages fully, However, we recommend 
that preliminary data be analyzed early in test programs 
to suggest additional and more meaningful tests, 
For example, one rnlght average together all the 
preliminary data from a given type of test to obtain 
a crude picture of the vibration behavior such as 

that in PLg, 4,. . 
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6) De-emnhaslz 

It 1 s  well known that random 

offer several advantages over sine-sweep tests-- 
for example, random tests are less time consuming 

and usually more realistic. The results of this 

study indicate that random excitation can also 
be used in diannostic tests to uncover the important 

vibration characteristics of complex structures 
at hl-gh frequencies. Of course, random tests 
do not provide detailed information available 

from sine-sweep and relative phase data, but at 
frequencies much above 200 Hz it is difficult 
(and usually unnecessary) to determine the exact 

resonance frequencies and mode shapes of complex 
structures. In order to make the most efficient 

use of test facilities, we recommend that sine-. 

sweep tests of complex structures not be conducted 
in the high frequency range (above a few hundred 
hertz). 
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F IGURE 1 .  E L E C T R O N I C  ASSEMBLY M O U N T E D  I N  THE M A R I N E R  C 
STRUCTURAL T E S T  M O D E L  SPACECRAFT 



F I G U R E  2 .  E L E C T R O N I C  A S S E M B L Y  M O U N T E D  I N  A C O N V E N T I O N A L  
TEST F I X T U R E  



F IGURE 3 .  M O D U L E  B O A R D  F R O M  E L E C T R O N I C  ASSEMBLY 
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F I G U R E  4 .  C O M P A R I S O N  O F  THE A V E R A G E  RESPONSE SPECTRA 
O F  THE E L E C T R O N I C  ASSEMBLY I N  THE F IXTURE A N D  

SPACECRAFT R A N D O M  E X C I T A T I O N  TESTS 
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F IGURE 5 .  AVERAGE RESPONSE SPECTRA O F  THE CHASSIS  PLATE 
FOR DIFFERENT E X C I T A T I O N  A N D  M E A S U R E M E N T  AXES 

I N  THE FIXTURE R A N D O M  E X C I T A T I O N  TESTS 
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F IGURE 6 .  AVERAGE RESPONSE SPECTRA AT DIFFERENT P O S I T I O N S  
O N  THE M.ODULE BOARDS I N  THE FIXTURE R A N D O M  

E X C I T A T I O N  TESTS 



FIGURE 7. AVERAGE RESPONSE SPECTRA O F  THE M O D U L E  BOARDS 
FOR DIFFE.RENT E X C I T A T I O N  AXES I N  THE FIXTURE 

R A N D O M  E X C I T A T I O N  TESTS 
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F IGURE 8 .  AVERAGE RESPONSE SPECTRA O F  THE CHASSIS  PLATE 
FOR D IFFERENT E X C I T A T I O N  A N D  M E A S U R E M E N T  AXES 

I N  THE SPACECRAFT R A N D O M  E X C I T A T I O N  TESTS 
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F I G U R E  9 .  A V E R A G E  R E S P O N S E  S P E C T R A  AT D I F F E R E N T  P O S I T I O N S  > z 
O N  THE M O D U L E  B O A R D S  I N  T H E  S P A C E C R A F T  R A N D O M  - 

E X C I T A T I O N  T E S T S  z 
n 
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F IGURE 1 0 .  A V E R A G E  RESPONSE SPECTRA O F  THE M O D U L E  BOARDS 
FOR DIFFERENT E X C I T A T I O N  AXES I N  THE SPACECRAFT 

R A N D O M  E X C I T A T I O N  T E S T S  
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F IGURE 1 2 .  C O M P A R I S O N  O F  E X C I T A T I O N  A N D  RESPONSE SPECTRUM 
R A T I O S  I N  THE SPACECRAFT R A N D O M  E X C I T A T I O N  TESTS 



FIGURE 1 3 .  C O M P A R I S O N  OF C H A S S I S  PLATE RESPONSE AVERAGES 
A N D  EXTREMES I N  THE FIXTURE A N D  SPACECRAFT R A N D O M  

E X C I T A T I O N  .TESTS . 
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FIGURE 1 4 .  C O M P A R I S O N  O F  M O D U L E  EAR RESPONSE AVERAGES 
A N D  EXTREMES I N  T H E  F IXTURE A N D  SPACECRAFT R A N D O M  

E X C I T A T I O N  TESTS 
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FIGURE 1 5 .  C O M P A R I S O N  OF M O D U L E  BOARD RESPONSE AVERAGES 
A N D  EXTREMES I N  THE FIXTURE A N D  SPACECRAFT R A N D O M  

E X C I S T A T I O N  TESTS 
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FIGURE 1 6 .  R A T I O  OF M O D U L E  BOARD AVERAGE RESPONSE I N  
THE SPACECRAFT T E S T S  T O  THE AVERAG.E RESPONSE I N  THE 

FIXTURE TESTS 


